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1. Work done: Following the pattern of the previow reporw, the first 
area of thtu report is simulated Martian Abno8pheres. Area three is, 
howeverp in  this report, included in area two due to the simkfaritiee in 
the reduction and analyais of the spectra. The third area in this re- 
port deals with the w e  o€ the Photoelectric Spectrum scanner. 

which has rerulted in dual benefits. 
student. of proven ability or interest in ocience are employed as 
aasirtante with the variow project directors, The result6 have com- 
pletely justified the experiment. The atudenta have developed an 
understanding of the factors involved in reclearcb by direct partici- 
pation. The apportunity to assist a working adcnti8t has strengthened 
their intereat and in oeveral cases given more definite career impetue. 
The preceptorr have found the work of the studenta most helpful., The 
tima spent in training was compensated for by the aslristance rendered 
once the etudent had acqpired the necessary skills. The latter part 
of the first year of the rtudents’ service wa8 productive, the clarcond 
year the student returned &e became from the first day a contributing 
member of the project team, 

Fordham University; Charles Roeele from the University of Marylana 
and Ellis Holdenried from Georgetown University, 

M i n g  the aumrner month# the Observatory carries on a progPam i 

High echo01 ecniors and college 

Three 8rrcb student6 have been selected8 George Bullen from 

Area 1, Laboratory Spectra - Simulated Martian Atmosphere. 
The absorption bands of nitrogen peroxide have been mapped with high 
dispersion (4.95 A/mm. 1 through the region: 3300 A to 6600 A, 
white light 8ourcc used for this mapping was a G, E, 30 amperes 
tungatea ribbon strip lamp standard of spectral radiancee as deecribed 
in the Jouraal of Research of the N a t i o d  Bureau of Standards, Vola 64 A,, 
No, 4, and our semi-annual report No., 2, 

The 



The Nitrogen perad& sample from which &e spectral mapping 
~a8~mpde is equivalent to a path-Length of 2.7 rnmo -atmospheres 
at 0 Co produced in the following manner: Nitrogen permtide wae 
admitted into an optical tube at a presetare cd 2 mm at 2SoCp tarring 
the vacuum apparatru described in o w  semi-annual Report No, 1, 
A vacuum of 0001 mm previorury obtained ino&" tube guarantees 
residual air leas than I part in 20,000, A* 25 C, Nitrogen peroxide 
at a meurrrsd totar pre8aurs of 2 mm, contairu NO at a partial 
pressure of L98 mmo and N 0 at a partial pressure o f .  02 mm. 
At O°C, NO2 makes up appraxknably 76% of the NO -N 0 mix- 
ture, proda~iag a calculateti partiial. pressare of l e d  & & NO 
or an equivalent path-length of 2 - 7  mm-atmosphere8 in an optieau 2: 

tube of 1 meter in length. 

Thirty-eight plates have been expoeed covering the region from 
3300 A to 6600 A,, as proposed in Area 1, No, 1 of our Report of 
Feb, fa 1964. Nine of the most revealing plate6 cover the region 

2 
2 4  

&6 fdOWS: 

Plirte No. Region 
~ 1 2 7 4  75 3 2 0 0 ~  3764~ 

73 3306A- 4045A 
68 4O4SA - 4470A 
67 4383A - 489l.A 
64 4S20A- SUOA 

Plate No0 Region 
DE74 81 4736A- 5270A 

ao 4890A - 5430A 
70 5328A - 6136A 
79 5880A- 6677A 

Prints of four plate. covering this region are included in thio report, 
The ocale of print. to plater is dtos  therefore the prim- have a a80 
persion of &9SA/rmn, Four ~ O t t r e S  of varying time length being out 
NO ab6orption features in 8ucce6sive regions acrose each print, An 
Iron Arc opectrum is included on each print for wavelength calibration, 
An exposure to white light, without NO abrorption features, ie  irsdudsd 
on each print showing the PariaZiotl of &e light eource intensity and the 
plate response w c~ectaasiag wavelength. ~ 6 a v y  absorptinn featurelr of 
NO2,, and generalXy increaming absorption W a r d  ahorter wavelength can 
be clearly observed in there prilrtm. 

2 

A path-length af 2-3 mm- atmosphere8 warn chosen for -8 initial mapping 
of the NO absorption spectrum because tbic p?886U]rC), while lowb ehowe the 
absorption feattarem quite clearly from expoaart timer of reasonable lengths, 
During this phase of the work, a detailed knowledge of NO absorption 
foaturee wa8 sought, and a predae knowhdge of prthlengt& wae not of utmost 
importance. Thw, preaourea at low temperatures were calculated from 
presoure reading8 at 2S°C, ar mentioned above, 

Howevero in the present pbabe,, producing NO absorption specha with 2 a sunlight source for direct cornpariaon with apsctral plateta made of the 
Martian atmosphere, a more exact knowledge of the pathlength will be- 
come necc~8ary~ For this rea6on)b expsrimarnfte are being made ta adapt 
a thermoco$ple PZXBSIIX~ gauge directly to the optical tube BO that PP~SSUS~ 
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may be read direcay from the tube while it is Itaeonnected from the 
yiocuum syatem otlcp being axpored to temperame changer and pho&w 
dirsaosociation i~ o d g h d  

Area If. O b 8 O r V a a - 8 0  

In the period coveted by the report Jupiter and Mar8 were not ob- 
servable. ThreO sets of obrsrvat€on8 of Venru were atkmpted, two 
for rotational velocity detezmiaation and ona for the violet *%I1 off, rv  

Different attempt6 at mearuring th. rotatioaal period of Venue have 
yielded widely 8eparrrt.d rerdtr.  Same obrerverm find a low period, 
possib1y aynchroooor; wlth the riderail pstfod. mer8  find the perbd 
to be on the or& of OPT own rotatioaal period. The high dark ride 
temperature would acean to indicate a ohort pettod. It may be argued 
that a greezshouoe effect cau~e8 the high temperature, but proponent. 
of thio theory have not satisfactorily wcplained the abrorption in the 
violet region, The Georgetown obrrervationo will provide an inakght 
in20 both aspects of tbia problem, 

For tbe rotational observations a large image dee  warr desired SO 

the exterior optics of the spectrograph were changed from the fifteen 
foot focal length arrangement to the fifty foot focal length arrangemenQ, 
This provider an image of Venw about 4 mm, high,, 

The first serier of oboervation8 were made in May when Venue wae 
in the evening sky, The Gale grating of 30,000 liner per inch waa wad 
to obtain the Mgbrrt porrrible diepareion. In Jdy, when Venur wall in 
the morning sky, the Rowland grating of 20,000 line8 per inch was wed, 
The Rowland grating has a dirperaion of 3,5 A/- ar compared with 
201 A/mm for tbc Gale grating, Le68 time wa8 abailable for exposures 
in July so the lower dirrpersion waa a aaceocrary compromiae to obkia 
the needed o p e d  

Eight oetr of phtes (two of 
103aF and one lO3aD) were obtained but only one plate was obtained in 
the second due to inclement weather. 

covered the 6900 A to 5000 A regioa but the 6600 A - 6300 A io the 
important region for tbir purpore, A8 it cantaim many telluric liaee 
as internal standard.. 

The guiding technique ia  a critical factor in tbeae obaervatione. If 
the axis of rotation is assumed to be pardlei to the line of the a.wpsB 
the maximum Doppler rhift will occur if the limb of the planet is kept 
on the eUt, In practice this i o  quite dffficult, Due to the low altitude 
of Venus and the inaccorrcie8 whkh are inherent in the rridereortat 
arrangement, the image of the planet io conabtly in motion acroa6 
the sfit0 The guiding was dona by two ob~ervers~ ROE, Murphy and 

The first serier wa8 highly sUCCerrf~o 

The rron wab talcen for compari8on prrrpose8, "&e obaervationa 



Mrs, H, 16 IQ8s.o The pattern of gutding of each obrerver bas been 
recorded a d  the proportion of time each guided baa been noted. P 193 
taken May 21 0hW8 a tilt in the reflected solar liner, but not in the 
telluric lines, Unfort\iaatsly thir rerult could not be reproduced anti 
the orieat8tioP of the rut found, A poseibls exphnstion of thfr ti&t 
may lie in tho fact that an oarrupafily large drop in temperawe oc- 
curred that evening, No mechanimm by which this could bo accom- 
pU.hed ir )marm, Hawever the correlation should ba noted. 

Two new obmervatians were made of the planet Venuu for the deter- 
mination of fall off in tbe violet relative to the sun. More obrervations 
are to be mode in late Augtmt when the moon is in a fawrrble paaition 
and ob raffldeat brightnee8 for proper comparison, 

The firrt ob8smtion wa8 hampered by intermittent cloud8 and is 
tandere4~08ed. The recond i s  also underexposed, and cannot be 
microphotometered. w8M inrpect$ox~ of the hour long exporwe of 
Venus show8 it to be denser than the hour long lunar expomare at' the 
long wavelength Umit (about 4800 A) but less denm at the 
Qabm 3900 A), Other plates den  ia the puriod covered by the previous 

and'K lines 

report ah- -8 8&8 effect. 

For the tall of€ work tbe exterior optics were changed back to the 
fifteen foat focal length arrangement. 

The guide hut of the rpectrograph ha6 recently been enlarged to per- 
d t  greater fieadbiUty, Not only does this make rooxn for tbe direct 
read)sg 8ra.l.lrr equipanent, but atro artincia1 campariron ~ O P T C ~ S  can 
now be ased with much greater earre. 

Venue ar well as continued regular observations of Jupiter, 
grating w i l l  be wed in conjunction with the fifteen foot optics, 

Reductiarrr of Spectral Obsepva~on8 A great deaf of time and effopf 
h r  been .pent on improving reductiop techniques. 
sought ir a fant, accarate and inexpedive method of d y d n g  P1ane-V 
rpsctra. Tbe method ef data acquisition ham been determined, ex- 
cept fop a m ~  variation0 am wiU be sxplaigsd, should be in it. fanax 
form. Xaterprctation of the aigaificance of tbs data will  necersariny have 
to await the perfection of the acquirition tacaniqm and the acctunulatioa 
of data,' 

fn addition to analysing the pIaa.tary rpactra, a new approach to &e 
determination of V e m d  r o t a t i d  vebdty  bra been develope& 

Aa mentioned in the last report, the bear differencsr method of 
spectral anslyair fa 110 lomgarr being wad, Are- under tba micro- 
photometer carve are messured and the rase- of the areas of pizmate 
ary and s d a r  cpeetra are conaidered, 

Future obrervationr include the previowly mentioned program on 
The Wood 

What ir being 



and the ratio of the *an8mfseiono of solar to planetary spectra ahodd 
remain conrrtant if 

the80 factors are easily determined except the planetary aboorption, 
their effect. may be removed and the resultant variation will be due to 
planetary absorption. The areas reprerent an integration of the trans- 

remains coaetant there- no reciprocity failure 
or saturation effec ;d; a d  there ir no planetsry absorption, Since all of 

mf8 S i O a  

Taw, when perfected, this approacb wil l  provide a quick accurate and 
inacpenaive method of ahdying planetary 6W-a. Correlation with 
laboratory data wi l l  be rapid am well. Band envelope shapes should be read€- 
ly determined as well aa the premence of new band. and variation, in the 
~trength of ab8Orp~OZLU. With the added benefit of a long serie. of regular 
obaervatlon8, mach can be gained from thir study,, 

A number of Mere& approaches have been tried along thir Une, One 
plate &l27427j of Jupiter and the m u a  has been selected for this S t U d y e  A 
@cafemeasurement of microphotometer tracings 6f thio plate was made of 
Jupiter'm apectrmn and that of the 
plotted,, with care to aeaore that equivalent region8 were mearured 
on both tracings, Their ratio was a180 plotted as waa the smoothed ratio. 
{uhing a ten point ruaning average. ) The region eclected (5400 A to 5700A) 
inchdm a known band a8 w d  as a posaibfe new oae. EYamhation of figures 
3 and 4 shaw that the 5430 A band is clearly shown although it is a weak oneo 
The featPre at 5580 A may be presend It appeare, to bee but further refine- 
ment of the technique ie nede& and other tracings rnwt be examined, 

the Telerea- a projection mea8urhg enginu, increase8 botb the a p e d  
and the accuracy. A trapezoidal approximation i 8  wed to find the area@. 

Every 0.6 A was measured and 

The scale measurement is tedious and very time consumingn The we of 

Differsit intenale have been tried, ranging from 5 A to irregular ones, 
aa determined by the spectral features ti. ee every line is computed sepa- 
rately),, The compu&er may determine regular intervals as it goes or it 
may be ierkucted on thr tape with the meaaurement8. In U s  manner a 
tape made*for one k2nd-d interval may be uoed for another. An interval 
of 2 A appears to be satiufactory for initial rramination. Smaller intervals 
w d d  be deoired for the determination of a bad ezxvelope . Figure 5 8h-s 
&e region near the 5430 A band of Jupiter with 2 A intervals. 

A critbrion mwt be eit.bli.hsd whereby P0i.e can be di.tingutehed from 
actual absorptim R e p t i t i a n  of a feature on oevard plate. rhotrld provide 
the answer. A rtudy of the contribution of ltnw broadened in the planetary 
epectrwn Will be made. Due to the longer -sure the b e 8  are broader 
and therefore wi l l  alter the ratio, A seriea of lunar expornrues ~5th aa 
aperkuc .top for the parabolic mirror w i l l  be made this fall for that pur- 
me, 



h l y s i r  of the Venw plater for Doppler ohift drsa to rotation io in 
progrees. A plate wa8 meaeured ueing a convdopdl msaruri~g en- 
gine and the mvelength , calculated wing a leaut squarer edution wt4h 
ten LA,  U, rtandards for each region, The resalte were rtnsati8factory 
so a new approach is bum tried, V e r y  accurate measuremento are re- 
quired in thir work and a careful recording of faint liner must be made, 
It h a m  been foand that maaooremtnte can be mado on microphotometer 
tracings with a Ugbr degree of predeim a d  more faint Unee may be 
secm, Even an untr8irrrrd obrerver can memtlie many very hint 1inat8, 

Each plate is wed to make two microphotometer tracings. The plate 
carriage drive i m  tever8ed after the &ut and tbe plate raised elightly 
eo that the mtcraph&om*r .cans a dUferemt aection of the plate. fn 
thio rnan.net dme effect. are eUrninated. Figure 6 ohow8 two run8 of 
a spectrum (without rwersisq the plate carriage dkivt here). Note the 
large number of s d  featuree which appear both time., - 

- The dirperrion on the traciagr i r  ab* 2 A per inch. Maaeuremuntr 
are made on the Teleresdex. Only l2 A intervals may be mearured at 
a time eo it ir necesmary to w e  etandards which are not ar well deter- 
mined am the I. A. U, standards are. For tM8 purpome the Reviaed Row- 
land Tables were originally -e& The unpubliehed tbes4m (1964) of Dr. 
Abmad Kiasat is currently being ueed for tbf. purpose, A linear inter- 
polation between two known 8tandard.s im being wed, 

Tbs Doppler &ift w i l l  ba abopt 0,24 A at 6500 A for tbs obrrervatio~8 af 
Mayo 1964, Tbia corrcrrpond. to a velocity of -11, lO km. /8eCo The -1- 
odty coorirta of the ve ld ty  due to the earth's rotation at this latitudeo 
the relative welocity of the sarth and Venw and the Venae velocity w%tb 
respect to the run. Figure 7 fradicatee the effect of Doppler shift, Pre- 
liminarp res& indicate a slow retrograde motion but many factors a r b  
not yet accouuted far an no estimate of the error icr pOcl6fbko 

Variations in the Teed of the paper transport of the Braan recorder,, 
and in the plate carriage drive muut be determined. The B r m  recorder 
error is probably very slight,, but the error in the drive of the plate car- 
riage is certainly of sigaificmce, A pre&dma?y check of the disparmfan 
ShOWS that thi8 is true. When all of the plate8 have been meamred an 
asressmerd of the errora involved w i l l  be made. 

Area uf, Photaclloctzic Spectrum Scanner, 

weal Syeternr hc. of Pasadem California. It warn originally .hipped 
to Georgetown Observatory on March 2, 1964. It arrived in a dunaged con- 
dition and war returned. It ha0 now been placed in operation, 

The Photoelectric Spectrum Scanner warn manuhetared by Elactro- 



17) Chopper - The chopper coarirt8 of a coxutaat a p e d  (3600' rpm) 115 
vatt A, C, motor mamufactrued by the Mixmrik Electric Co, 
blade cheppet wheel, 

2) Detector uoit - Tho detector unit ir motmtsd k a carriage which con- 
t a i n ~  s- b d w i  roller8 which the unit to bm attsched behvean the raib 
of t2m Georgetnwn OImsrPrtory Wubworth Mouatinga. 

3) PreampUffer - Tbs preamplifier is connected to *e detector Onit by a 
8 b r t  cord, and can bo mounted onthe detector unit so that both can mow 
simultaneoruly &ng the ram. 

The prumat(fler i a  connected by a dotachable card to the arnplificr, 

and a I2 

4) AmpIifZer - The amplifier is provided with four contrda: 

a) Power control on/& switch. 
b) Three pornition time cowtant rwitch which permito the choice of 
Oims cone%aata of zeroI 0.1 recond, or variable from 0.1 to 10 secondBa 

c)  A bias or zero adjuuhnent knob. 
d) A "Fine T'' control for varying the tfme constant from 0.1 to 10 8oconds. 

5) A Rec4iriter recorder manufactured by Texas Instruments of Howton, Texae, 
The recorder ia  attached to the output of tbe axnplifietr. 

6 )  Four fixed width .uta plm one dark alldo which 5t over the entrance to the 
rcanmer,, The widtho of these aUQ and t& band width using a 30,000 line per 
inch gratingo are given below: 

slit n o a  AAfcrans Band width A 

., 1 
2 
3 
4 

158 , Q -  40 
304 Q 76 
5?2 - 766 
1048 2b2 

1,43 0 i,92 

An example of the operation of the scarmrt io shown in the figure 8. The 
'canner waa met OLI H w i n g  dit 2 and the 300600 h e  per inch grating. The 

aun was permitted t o e  by the entrance slit. It should be noted that the 
Umb tracings are not 8ymraetricd as ia often ob8er\red in thia type of ob- 
acrvatian, The scam were very reprodncible even to the ~mat leat  of featurea, 

flection of the Recorder. The accuracy of focoobg by thia methad wa8 + 0 , l O  
inches with an ll foot focal Iength, This would indicate that focuring in %e 
infrared w i l l  bo no problem, 

jects wough a range of wavdemgthr. IO i8 antidpaWd that tbie modification 
w i l l  be U s e d  after initial feasibility teota are completed, 

planeto, these objecto have not been obrerved. E t  ie anticipated that they 
w i l l  be observed during the month of Aquat. HoweverB it may be aecesaary 
to modify the scanner in order to make such obaervationm posmible under 
such high dispersion. 

It waa found that the inebuxnent can  be focmed on Hdby observing the de- 

It will be highly derrirable to develop 8 drive motor in order to #can o b  

Due to c d c t i n g  programon poor ecsing a d  d v o r a b l e  pornition of the 
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